Introduction
Cord blood (CB) is an alternative source of allogeneic hematopoietic stem cells for the transplantation of patients lacking suitable human leukocyte antigen (HLA)-matched related or unrelated volunteer donors. [1] [2] [3] [4] [5] Although CB transplantation has the advantage of a reduced stringency of required HLA match, it is limited by the low total nucleated cell (TNC) and CD34 ϩ cell dose, resulting in an increased risk of delayed or failed engraftment [1] [2] [3] [4] [5] and restricting the use of CB transplantation in larger children and adults. A strategy to augment engraftment, and the use of CB transplantation in adults, is to combine 2 units from 2 different donors in a double-unit graft. [6] [7] [8] [9] Although data from controlled trials are not yet available to prove that double-unit CB transplantation (DCBT) is more efficacious than a single unit in adults and larger children, engraftment and survival with this approach are encouraging despite sustained engraftment being accounted for by only one unit in almost all patients. 6, 9 However, the mechanism responsible for unit dominance is unknown. The biology of double-unit transplantations is of even greater interest given the recent reports suggesting that DCBT is associated with a reduced risk of relapse. 10, 11 We therefore investigated the mechanisms responsible for single-unit dominance using aliquots of cells from each unit of 39 DCB grafts. Units were evaluated alone and in DCB combination using in vitro colony-forming cell (CFC) progenitor and week 5 cobblestone area-forming cell (CAFC) stem cell assays, and by 4-to 8-week engraftment in NOD/SCID/IL2R-␥ null (NSG) mice. 12 We examined 2 hypotheses: (1) single-unit dominance after DCBT is determined by the stem cell and hematopoietic progenitor cell content of each unit; and (2) single-unit dominance after DCBT is the result of a graft-versus-graft interaction mediated by CD34 Ϫ cells. Our study is the first to use samples from a large series of clinical DCBTs and correlate the laboratory findings with patient engraftment.
Methods Patients
Thirty-nine patients (median age, 42 years; range, 1-66 years; median weight, 72 kg; range, 8-105 kg) with high-risk hematologic malignancies (7 acute lymphoblastic leukemia, 8 acute myeloid leukemia, 3 other acute leukemias or advanced myelodysplasia, 14 non-Hodgkin lymphoma/ chronic lymphocytic leukemia, and 7 Hodgkin lymphoma) were transplanted with DCB grafts using myeloablative (n ϭ 26) or nonmyeloablative (n ϭ 13) conditioning according to age, diagnosis, extent of prior therapy, and comorbidities. 9 The 78 transplanted units were 6 of 6 (n ϭ 4), 5 of 6 (n ϭ 44), and 4 of 6 (n ϭ 30) HLA-A, -B antigen, and -DRB1 allele matched to the recipients, respectively. The median infused TNC dose of the larger unit was 2.48 ϫ 10 7 /kg (range, 1.42-11.33 ϫ 10 7 /kg), and the smaller unit was 1.93 ϫ 10 7 /kg (range, 1.27-7.09 ϫ 10 7 /kg). All patients provided informed consent before transplantation in accordance with the Declaration of Helsinki. Patients also signed Institutional Review Boardapproved consent for the study of Յ 5% of each CB unit in the laboratory and the analysis of transplantation outcome for research purposes.
Cell preparations
Cells from each unit were processed for laboratory studies on the same day as clinical transplantation. Mononuclear cells (MNCs) were isolated from each CB unit by density gradient separation with Ficoll-Hypaque. CD34 ϩ cells were positively selected using MACS immunomagnetic MicroBeads and passage through MACS separation columns (Miltenyi Biotec). Except when the cell number was limited (see experiments 1 and 4 in Table 5 ) to increase CD34 ϩ purity, 2 consecutive passages were done for 85% to 90% enrichment. The CD34 Ϫ fractions were collected for use in the murine studies.
CFC assays
For assessment of the progenitor cell potential of each CB unit alone and in DCB coculture, CFC assays were established using MNCs or enriched CD34 ϩ cells cultured in triplicate in 35-mm culture dishes ( Figure 1 ) with 1 mL of semisolid medium containing 1.2% methylcellulose, 30% fetal bovine serum, 57.2mM 2-mercaptoethanol, 2mM L-glutamine, and 0.5mM hemin, and cytokines. Cytokines included 20 ng/mL granulocyte colonystimulating factor, 20 ng/mL c-kit ligand, 20 ng/mL interleukin-3, and 6 U/mL erythropoietin. Each unit alone and DCB cocultures were plated at 2 different cell concentrations (10 000 and 100 000 MNCs, and 500 and 1000 CD34 ϩ cells per dish). With DCB cocultures, the cells were plated in the same ratio as transplanted into the patient according to the infused TNCs per kilogram. Each unit alone and DCB combinations were also incubated for 16 to 20 hours to allow cell-cell contact in Quality Biological serum-free 60 medium supplemented with 90 ng/mL Flt3 ligand, c-kit ligand, and thrombopoietin to preserve stem and progenitor cell viability. Cells were then plated in methylcellulose. Dishes were incubated at 37°C in a 5% CO 2 humidified incubator. Total CFC consisted of burst-forming units-erythroid, granulocyte-macrophage progenitors, and colony-forming units (CFUs) granulocyte-erythrocyte-macrophage-megakaryocyte progenitors, and were scored 14 days after plating.
CAFC assays
The stroma-based (CAFC) assay at week 5 was used as the surrogate assay for hematopoietic stem cells in each CB unit alone and in DCB combination. 13, 14 MS5, the murine bone marrow (BM)-derived fibroblastic stromal cell line, was cultured and propagated to 70% to 80% confluence in T12.5-cm 2 tissue-culture flasks in ␣-Eagle minimum essential medium with 10% fetal bovine serum, 1% penicillin and streptomycin supplemented with 57.2mM 2-mercaptoethanol. MNCs or CD34 ϩ cells in 2 different concentrations (10 000 and 100 000 MNCs, or 1000 and 2500 CD34 ϩ cells per flask) from each CB unit and in DCB combination (in the same TNC per kilogram ratio as transplanted into the patient) were cocultured in duplicate with MS5 in long-term culture Gartner medium (␣-minimum essential medium containing 12.5% fetal bovine serum, 12.5% horse serum, 1% penicillin and streptomycin, 200mM L-glutamine, 57.2M 2-mercaptoethanol, and 1M hydrocortisone). The culture flasks were incubated at 37°C in a 5% CO 2 humidified incubator with weekly half-medium changes. CAFCs (defined as a clone of at least 8 tightly packed cells beneath the MS5 stroma monolayer) were scored at week 5 using inverted phase-contrast microscopy ( Figure 1 ).
Xenotransplantation
NSG mice 12 at 8 to 12 weeks of age were maintained at the Rockefeller Research Laboratory animal facility under pathogen-free conditions and provided with water and irradiated sterile diet supplemented with amoxicillin during the first week after irradiation. Mice were transplanted via tail vein injection within 5 to 6 hours of thaw of the CB units and within 24 hours of sublethal irradiation (2.8-3 Gy). A total of 1 ϫ 10 6 MNCs per mouse was injected when transplanting each CB unit alone with MNCs. In DCB combination, a total of 1 ϫ 10 6 MNCs was injected per mouse in the same TNC per kilogram ratio as transplanted into the patient. Murine DCB CD34 ϩ experiments used a cell dose that varied according to the cell number obtained with immunoselection and was a median total of 8.4 ϫ 10 4 CD34 ϩ cells per mouse (range, 5.5-24.2 ϫ 10 4 CD34 ϩ cells per mouse). To further investigate the possibility of graft-versus-graft immune interactions, we performed CD34 ϩ DCBTs with add-back of a fixed dose of 1 ϫ 10 6 CD34 Ϫ cells from one unit (ie, DCB CD34 ϩ ϩ CD34 Ϫ unit 1, and DCB CD34 ϩ ϩ CD34 Ϫ unit 2; Figure 2 ). The cell yield from the research aliquot of each unit determined the number of experimental conditions tested with each murine experiment.
Mice were killed at a median of 6 weeks (range, 4-8 weeks) according to animal health, and human cell engraftment was analyzed via flow cytometry on BD FACSCalibur using CellQuest (BD Biosciences) after staining with fluorescein isothiocyanate (FITC), phycoerythrin (PE), or allophycocyanin (APC)-conjugated antihuman antibodies for human CD45 (PE) in BM, spleen, and thymus, as well as human CD34, CD56, CD20 (APC), CD19 (PE), and CD33 (FITC) in the BM and spleen, plus CD3 (FITC), CD4 (APC), CD7 (PE), and CD8 (FITC) in the thymus. Human FcR blocking reagent was used to block nonspecific binding of antibodies to human Fc receptor-expressing cells. The flow cytometry data were analyzed with FlowJo software Version 7.2.2.
Assessment of donor origin in patients and in the correlative laboratory studies
In the patients, clinical engraftment of each unit was evaluated by testing DNA from peripheral blood or BM on days 21, 28, 60, and 100 and later time points after transplantation with quantitative polymerase chain reaction (PCR) for informative short tandem repeat regions that distinguished each donor and the recipient. 6 Complete donor chimerism was defined as 100% total donor engraftment, whereas partial donor chimerism was less than 100% total donor engraftment. This total donor engraftment was composed of either one unit or both units combined. Single-unit dominance was engraftment of one unit alone without any contribution of the other unit.
In both in vitro and in vivo DCB laboratory assays, DNA was extracted from CFC, CAFC, and mouse BM and spleen (5-10 ϫ 10 6 cells). The contribution of each unit to coculture and murine engraftment was measured using identical quantitative PCR methodology as was used in the patients. 6 In mice, the percentage of each unit that contributed to the total human engraftment was analyzed. Therefore, the percentage murine engraftment of each unit always added up to 100%.
Statistical analyses
Results are shown as mean values plus or minus SEM from independent experiments or mean values with a range. A paired t test was used to determine group differences. The binomial distribution was used to test whether the agreement between human and murine engraftment occurred by chance (P ϭ .5).
Results
DCBT is associated with a high incidence of sustained donor engraftment with the engrafting unit having a higher infused CD3 ؉ dose per kilogram Analysis of the day 21 BM revealed that donor hematopoiesis was present in all patients. It was accounted for by a single unit in 30 of 39 (77%) patients, whereas both units were present in 9 of 39 (23%) patients, although one unit was dominant. Donor engraftment, as evidenced by sustained donor-mediated neutrophil recovery, was seen in 37 of 39 (95%) of patients. The median day to a sustained absolute neutrophil count of Ն 0.5 ϫ 10 9 /L was 23 days (range, 12-37 days) in recipients of myeloablative, and 15 days (range, 7-43 days) in recipients of nonmyeloablative conditioning. Of the 2 patients with clinical graft failure, the first was 100% donor in the BM on day 21 with a single unit but had early posttransplantation sepsis with multiorgan failure and did not achieve an absolute neutrophil count of Ն 0.5 ϫ 10 9 /L before death. The second patient had early secondary graft failure in the setting of human herpes virus 6 viremia.
In the 24 recipients of myeloablative conditioning with sustained donor engraftment, the median donor chimerism of the engrafting unit in the day 21 posttransplantation BM was 100% (range, 63%-100%) and remained 100% at all subsequent evaluations. In the 13 recipients of nonmyeloablative conditioning, the median donor chimerism of the engrafting unit was 80% (range, 22%-100%). However, the engrafting unit achieved a median of 88% engraftment in the peripheral blood by day 28, and 100% from day 60 and thereafter. Overall, sustained hematopoiesis was derived from a single unit in all but one case. This patient has had complete donor chimerism (100% total donor), but this has been composed of both units and sustained for 3 years after transplantation, to date.
Excluding the single patient with sustained coengraftment of both units, the engrafting and nonengrafting units had similar mean infused TNC doses of 2.60 ϫ 10 7 /kg (range, 1.40-11.30) versus 2.45 ϫ 10 7 /kg (range, 1.30-7.30 ϫ 10 7 /kg, P ϭ .440), and similar mean infused CD34 ϩ cell doses of 1.12 ϫ 10 5 /kg CD34 ϩ cells (range, 0.20-4.00 ϫ 10 5 /kg CD34 ϩ cells) versus 1.08 ϫ 10 5 /kg cells (range, 0.15-6.40 ϫ 10 5 /kg CD34 ϩ cells, P ϭ .848). However, the mean infused CD3 ϩ dose of the engrafting unit of 4.43 ϫ 10 6 /kg CD3 ϩ cells (range, 1.70-10.60 ϫ 10 5 /kg cells) was higher than the mean of 3.47 ϫ 10 6 /kg (range, 0.11-12.00 ϫ 10 6 /kg) of the nonengrafting unit (P ϭ .020).
The in vitro hematopoietic potential of each unit as measured by CFC formation does not explain clinical unit dominance
Ten CFC experiments were performed: 5 using MNCs and 5 with CD34 ϩ cells. CFC formation was present in all 3 conditions: clinically engrafting unit alone, clinically nonengrafting unit alone, and DCB combination. There was no correlation between which unit engrafted in the patients and the total CFC content of either unit using MNCs or CD34 ϩ cells, nor was there any augmentation of CFC formation with DCB cocultures (Table 1 ). The representation of each unit in CFC DCB cocultures was concordant with the clonogenic efficiency of each unit alone. Hence, the unit with the higher number of total CFCs dominated in CFC DCB coculture. However, these results did not correlate with the engrafting unit in the patient. The mean percentage of total CFCs derived from the clinically engrafting unit in DCB cocultures was 53% plus or minus 12% and did not differ from that of the nonengrafting unit. In addition, the calculated infused CFC per kilogram was not predictive of which unit would engraft (data not shown). Preincubation with cytokines before CFC assay did not significantly alter CFC numbers or the result of DCB assays with the mean Table 1 ).
The in vitro hematopoietic potential of each unit as measured by CAFC formation does not explain clinical unit dominance
Nine CAFC experiments were performed (4 using MNCs and 5 using CD34 ϩ cells). CAFC formation was seen when plating the clinically engrafting unit alone, the clinically nonengrafting unit alone, and in DCB coculture (Table 1 ). There was no correlation between clinical engraftment and the CAFC content of either unit using MNCs or CD34 ϩ cells, and there was no augmentation of CAFC number with DCB cocultures. Single-unit dominance (Table  2 ) was present in 3 of 9 DCB cocultures (2 with MNCs and 1 with CD34 ϩ ), whereas both units were present in 6 of 9, with the mean percentage of the clinically engrafting unit in these 6 cocultures being 53% Ϯ 11%. Furthermore, the contribution of each unit was similar when measured in the adherent population and the supernatant of DCB CAFC cocultures (n ϭ 4). The calculated infused CAFC per kilogram in each unit was also not predictive of clinical engraftment (data not shown).
The clinically engrafting unit had similar engraftment in NSG mice as the nonclinically engrafting unit when each was transplanted alone Transplantation studies were undertaken in NSG mice with cells from each unit of 31 DCBT recipients. We observed high levels of human engraftment as shown with the 12 MNC experiments in Table 3 . Figure 3 shows representative flow cytometric analysis of multilineage human engraftment in NSG mice transplanted with a double-unit graft. First, MNCs were transplanted from each unit alone from 20 double-unit grafts. The mean human engraftment was 19% Ϯ 5% in the BM and 35% Ϯ 6% in the spleen, when transplanting the clinically engrafting unit alone. This was similar to the human engraftment seen in murine transplantations of the clinically nonengrafting unit alone of 18% Ϯ 5% in the BM (P ϭ .563), and 31% Ϯ 6% in the spleen (P ϭ .489).
MNC DCBT in NSG mice was associated with single-unit dominance and correlated with clinical engraftment
The percentage of the total human engraftment accounted for by each unit after murine DCBTs using MNCs from 21 DCB grafts are shown in Tables 4 and 5 (12 MNC experiments in Table 4 and 9 MNC experiments in Table 5 ). Engraftment of a single unit was observed in 18 of 21 (86%) murine MNC transplantations, whereas both units engrafted in 3 experiments (experiment 8 in Table 4 and experiments 7 and 11 in Table 5 ). Notably, 16 patients had single-unit engraftment with the same unit also engrafting in the mice, and an additional 2 patients had predominance of one unit with the same unit predominating in the mouse (experiment 8 in Table 4 and experiment 7 in Table 5 ). Thus, murine engraftment using MNCs showed unit predominance in 20 of 21 (95%), and this was with a single unit in 18 of 21 (86%). Further, murine MNC engraftment correlated with clinical engraftment in 18 of 21 (86%) patients (P Ͻ .001). Three murine experiments did not correlate: in one, the mice engrafted with the clinically nonengrafting unit (experiment 12 in Table 4 ); in another, one mouse engrafted with the clinically engrafting unit and the other engrafted with the nonengrafting unit (experiment 5 in Table 5 ); and in a third, the mice engrafted with both units (experiment 11 in Table 5 ). Mice were killed at a median of 6 weeks after transplantation. Pre indicates premature mice mortality. Inadequate indicates that the DNA sample was inadequate to quantify engraftment of each unit.
*The mice had coengraftment of both units, and the patient had sustained coengraftment of both units for more than 3 years to date. Unit 1 was the predominating unit, but there was also sustained coengraftment of unit 2.
†As indicated in parentheses, mice engrafted with the clinically nonengrafting unit.
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Similar engraftment after MNC DCBT with half as many cells as when that unit was transplanted alone
In 10 evaluable MNC experiments (experiments 1-10, Table 3 ), the clinically engrafting unit efficiently engrafted mice when transplanted alone and was the sole engrafting unit in MNC DCBTs as shown in Table 4 . In these 10 experiments, the mean human engraftment of the clinically engrafting unit when transplanted alone was 29% Ϯ 8% in the BM and 40% Ϯ 9% in the spleen. When this unit was infused as part of a DCBT, the percentage murine engraftment of this unit was not statistically different from when it was transplanted alone at 22% Ϯ 4% in the BM (P ϭ .337) and 34% Ϯ 8% in the spleen (P ϭ .479). However, this engraftment was achieved with approximately half as many cells of that unit as the mean proportion of that unit infused in the DCBTs was 0.52.
CD34 ؉ selection abrogates unit dominance and clinical correlation
The results of 11 DCBTs using CD34 ϩ cells are shown in Table 5 (n ϭ 11). In contrast to the single-unit engraftment in 86% of mice receiving MNC DCBTs, both units engrafted in 10 of 11 (91%) after DCBT of isolated CD34 ϩ cells, with a loss of clinical correlation given the mice engrafted with both units. Indeed, chimerism in the mice correlated with clinical engraftment in only 2 of 3 mice of one experiment (experiment 5, column 2, Table 5 ; P ϭ not significant). Overall, the mean percentage of the clinically engrafting unit after CD34 ϩ DCBT was 56% Ϯ 9% in the BM and 58% Ϯ 9% in the spleen. (Table 5 ). In 9 of 9 (100%) experiments, single-unit dominance from the clinically engrafting unit was restored with add-back of CD34 Ϫ cells from the clinically engrafting unit (P ϭ .004). Conversely, however, in 11 of 11 (100%) experiments, single-unit dominance by the clinically nonengrafting unit was induced completely (n ϭ 9) or predominantly (n ϭ 2) by add-back of CD34 Ϫ cells from the clinically nonengrafting unit (P ϭ .001).
The single exception was in the BM of the first mouse in experiment 11 (Table 5 ). Thus, in these experiments, murine engraftment was dictated by the origin of the CD34 Ϫ cells regardless of which unit engrafted in the patients. A summary of murine experiment results is shown in Table 6 .
Discussion
Transplantation of double-unit CB grafts is being investigated as a strategy to overcome the low TNC dose of single CB units in adults and larger children, [6] [7] [8] [9] but the mechanism of single-unit dominance is poorly understood. Yoo et al have reported a higher number of postthaw CFU-granulocyte-macrophage in the engrafting units. 15 Scaradavou et al have reported that units with a low percentage of viable CD34 ϩ cells had poor engraftment potential, and this correlated with a lower CFU content. 16 Barker et al reported that neither the infused TNC or CD34 ϩ cell doses nor the donorrecipient disparity of HLA-A and -B antigens, and -DRB1 alleles predicted which of the 2 CB units would engraft. The only factor correlating with unit engraftment in this study was a higher CD3 ϩ cell dose. 6 Interestingly, in the current series, a higher infused CD3 ϩ dose was again shown to correlate with unit dominance supporting a role for T cells in unit dominance.
Our study further investigates double-unit biology in the laboratory using cells from clinical CB grafts and correlates the findings with the engraftment of those units in the patients. We demonstrated that the success of clinical engraftment is not determined by the stem/progenitor cell content as quantified by the CFC or CAFC content of either unit. Further, we could not demonstrate single-unit dominance using in vitro assays, as both units contributed approximately equally in cocultures. In the CFC assays, this could have been accounted for by the culture conditions. Semisolid media and low cell densities could preclude the cell-cell interactions necessary for T lymphocyte and/or NK-cell cytotoxicity, and in the CAFC assays the use of hydrocortisone and horse serum could profoundly suppress T lymphocyte and NK viability and function. We conclude from the in vitro studies that the overall hematopoietic potential of each unit does not explain clinical unit dominance. This does not exclude the possibility that in human transplantation there could be an engraftment advantage to a high potency unit when coupled with a unit with poor viability Percentage of human CD45 ϩ cells (51.8% in BM, 32.5% in spleen, and 7.1% in thymus). Analysis of murine BM revealed that the majority (71%) of human CD45 ϩ cells were CD19 ϩ (B lymphocytes), 6% CD33 ϩ (myeloid cells), 3% CD34 ϩ , and less than 1% CD56 ϩ (NK cells; data not shown). Staining for monocytes, erythroid cells, and megakaryocytes was not performed. (B) Human T-cell engraftment in the murine thymus. Of the human CD45 ϩ cells, the majority were CD4 ϩ /CD8 ϩ . 16 However, it does suggest that, if hematopoietic potency of each unit is adequate, then other factors determine unit dominance.
AN IN VIVO MODEL OF DOUBLE-UNIT
For in vivo studies, we used the NSG model to facilitate multilineage engraftment of human hematopoietic cells 12 and found high levels of human engraftment. In these murine experiments, we found that, although each unit engrafted alone, DCBT with MNCs demonstrated both single-unit dominance and a close correlation between mice and patients. That this was mediated by CD34 Ϫ cells was demonstrated when unit dominance was lost with For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From CD34 ϩ selection and then restored with add-back of CD34 Ϫ cells to CD34 ϩ DCBTs. However, unlike murine DCBT with MNCs, engraftment after murine CD34 ϩ DCBTs with CD34 Ϫ add-backs of one unit correlated not with clinical engraftment but with the origin of the CD34 Ϫ cells. Thus, absolute unit dominance is an in vivo phenomenon and represents a graft-versus-graft immune interaction mediated by CD34 Ϫ cells. No definitive statement can be made as to whether DCBT enhances engraftment of the engrafting unit. It is notable that a comparable level of engraftment of the clinically engrafting unit was seen when half the number of these cells were infused in the context of a double-unit graft compared with when that unit was transplanted alone. We have previously observed a linear relationship in the human hematopoietic engraftment obtained in the bone marrow and spleen of irradiated NSG mice using similar numbers of CB cells (both MNCs and CD34 ϩ ) as transplanted in this DCB study (M.A.M., unpublished observations, 2010) with maximum engraftment levels of 80% to 90%. This supports the interpretation that the comparable level of engraftment obtained with approximately half as many cells of the engrafting unit in the DCB setting may be the result of graft-versus-graft interactions that promote enhanced HSC engraftment. However, further studies will be needed to confirm this preliminary observation, and the only way to definitively answer this question would be to perform transplantation at limiting dilutions.
Hexner et al have reported that donor T cells exert effects independent of host resistance via their direct or indirect interactions with donor progenitor cells and their microenvironment. 17 These investigators transplanted immunodeficient mice in limiting dilutions and showed enhanced engraftment with the addition of T cells compared with T-depleted MNCs, and specifically found that CD3/CD28 costimulated CB T cells possess graft-facilitating properties in a model where there is minimal host resistance to engraftment. They postulated that an alloresponse between the 2 units of a double-unit graft could therefore accelerate the engraftment of the engrafting unit. In the DCB experiments of Kim et al, 18 single-unit dominance in NOD/SCID mice was observed after cotransplantation of MNCs. In contrast, single-unit dominance was lost and mixed chimerism achieved with either lineage depletion of each unit or cotransplantation of mesenchymal stromal cells expanded from third-party BM. 18 Similarly, Yahata et al found unit dominance was mediated by CD34 Ϫ cells, and specifically by a combination of CD4 ϩ and CD8 ϩ cells. 19 That unit dominance is an immunologic phenomenon is further supported by Delaney et al who found that sustained engraftment was mediated by a T replete-unmanipulated CB unit rather than by the expanded but T cell-depleted unit in their report of 9 patients enrolled in a phase 1 study of a double-unit CB transplantation with ex vivo expansion. 20 This group has also recently reported that single-unit dominance in human DCBT is associated with the presence of a specific CD8 ϩ T lymphocyte response from the engrafting unit directed against the nonengrafting unit. 21 Our results are consistent with those previous reports but provide, for the first time, a murine DCBT model using MNCs from clinical specimens that correlates with patient engraftment. Although interactions between CD34 ϩ cells did not induce unit dominance, cells in the CD34 Ϫ fraction of either unit can induce selective engraftment of that unit. The close correlation between the engrafting unit in the NSG mice, which do not have T and NK cells to resist engraftment, and that detected in the transplanted patients suggests that unit dominance reflects interactions between the units rather than an alloreaction against one unit mediated by residual host T or NK cells. Although it has been well documented that NSG mice support T-cell development, 22, 23 unit dominance in our model is observed before the time required for the emergence of postthymic effector T cells. The NSG model also supports alloreactive T-cell function from adult peripheral blood as reflected by mortality from graft-versus-host disease with as few as 2.5 ϫ 10 6 MNCs. 24, 25 Hence, we hypothesize that T cells present in the CB at infusion both account for human unit dominance and are supported by the NSG mouse. Our model will be used to determine the specific cell populations within the CD34 Ϫ fraction that mediate unit dominance and investigate the genetically determined allodisparities on the nonengrafting unit that are targeted by the engrafting unit. Although results of these studies will not probably enable the prediction of which unit will be dominant before transplantation, they should further enhance the understanding of the biology of these transplantations.
